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IMPROVING PRODUCTION CHARACTERISTICS OF CATTLE 

FIELD OF THE INVENTION: 

5 The present invention relates generally to methods of selective breeding and 
management of cattle, and in particular to predicting production characteristics from a 
genotype. 

10 BACKGROUND: 

Calf birth weigiht is considered one of the most critical factors in obtaining a live calf, 
and ttierefore is very important to the success of a cow-calf operation. Traditional 
belief among ranchers (Canadian Cattlemen magazine. Calving Special 2003) was 
1 5 that producers will have to sacrifice a higih rate of gain in order to have a smaller calf 
at birth. Smaller birth weight much reduces the need for assistance at birthing and 
increases the survival rate of both the calves and dams. Parent animals who will 
produce offspring with birth weigihts that improve the chances of survival are thus 
often desirable. Birth weight is a highly heritable trait. 

20 

Weight gain by a livestock animal during its growth and development typically 
follows a tri-phasic pattern that is carefully managed by commercial producers and 
finishers. It is known that the efficiency of dietary caloric (feed) conversion to weight 
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gain during an increment of time varies during these three phases, although little is 
known about the genetic or physiological basis of the variability. 

The first phase of growth is considered to comprise that portion of a livestock 
5 animal's life firom birth to weaning. Typically in commercial livestock feeding and 
finishing operations little attention is paid to this phase of growth, as food is provided 
by die modier and so there is little to be done in terms of food ration management 

A second growth phase comprises diat portion of a livestock animal's life from 
1 0 weaning to attaiimient of musculo-skeletal maturity. As feed conversation efficiency 
is low during this phase, livestock producers usually restrict caloric intake in an effort 
to keep feed costs as low as practical without affecting the muscle maturation process. 
Limiting caloric intake does have the effect of prolonging this growth phase, but also 
typically results in animals with larger frame size, which is the primary aim of dietary 
1 5 management during this phase. During the second growth phase weight gain is 
associated with increases primarily in skeletal and muscle mass. 

The third phase of growth is associated primarily with fat accumulation. During this 
phase, and after an animal has attained musculo-skeletal maturity, the efficiency of 
20 feed conversion is further reduced such that it requires even more feed to increase an 
animal's weight by a particular amount. 
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A further goal in breeding and herd management programs is to increase the 
proportion of high value cuts of meat in the finished ammal, thereby increasing the 
value of die animal at slaughter. One measurement associated with higher value 
carcasses is rib eye area (REA) size. Since it is known that variability exists among 
5 animals with respect to feed conversion efficiency and the tendency to produce liigh 
value meat, producers have attempted to develop methods of screening animals in 
order to predict which ones will yield the greatest value as a finished product One 
method of breeding and culling, based on parental animal frame size, is of some use 
in judging the potential of animals but does not realize the full genetic potential of an 
1 0 individual animal in terms of feed conversion efficiency and die proportion of higih 
value meat cuts that it might eventually provide. 

Insulin-like growth factor 2 (IGF2) is a 67 amino acid peptide hormone having 
multiple phenotypic effects on cellular growth and metabolism. The IGF2 gene 
15 comprises 10 exons in pig (Amarger et al. 2002) and human (McLaren and 
Montgomery 1999), while the sheep IGF2 gene has 9 exons (Fig. 1) (Ohlsen et al. 
1994). No equivalent to human exon 2 has been found in sheep (Ohlsen et al. 1994). 
The mouse and rat IGF2 have six exons and two pseudo or non-coding exons (Ohlsen 
etal. 1994) (Fig. 1). 

20 

IGF2 was previously thought to function primarily as a fetal and neonatal growth 
factor (De Chiara et al. 1990, 1991, Rotwein and Hall 1990, Giannoukakis et al. 
1993). However, a role for IGF2 during the postnatal development of lean meat 
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caicass content of pigs (i.e. ham size) has recently been demonstrated (Jeon et al« 
1999, Nezer et al. 1999, Amarger ct al. 2002). 

In several species such as mice, (De Chiara et al. 1991, Sasaki et al. 1992), rats 
5 (Ohlsson et al. 1993), humans (Kalscheuer et al. 1993, Giannoukakis et al. 1993), pigs 
(Nezer et al. 1999, Jeon et al. 1999), and sheep (McLaren and Montgomery 1999, Feil 
et al. 1998) the IGF2 gene has been shown to be genomically unprinted. In these 
animals, the paternal allele is expressed throughout the development and lifetime of 
the animal. 

10 
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Recent studies have revealed that a single nucleotide polymorphism in exon 2 of 
IGF2 (SNP-2) in cattle is associated with decreased birth weight and increased rib eye 
area (REA) size. Genomic imprinting in IGF2 results in expression of only the 
5 paternal allele during gestation, while both the maternal and paternal alleles are 
expressed after birth. The results of these studies also show that the SNP-2 allele 
from the sire affects birdi weight, while both the maternal and paternal IGF2 alleles 
affect SEA size. 

1 0 With this discovery it will now be possible to use genetic testing to determine an 
animal* s IGF2 genotype, and then use this knowledge to manage breeding and 
management programs in order to obtain calves with lower birth weights to ease 
calving, as well as to produce animals that will yield high value meat cuts from the 
finished animal. 

15 

It is well known that genetic variants have the potential to dramatically change the 
expression and or function of a gene product. In addition single nucleotide 
polymorphisms (SNPs), whether or not they are the proximate cause of the altered 
expression or function of the gene product, can further provide a genetic marker for 
20 the variant. Thus, where the SNP can associated with a specific phenotype, the SNP 
provides a further advantage in predicting the phenotypic outconoes based on an 
animal's genotypic makeup. 
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The present invention relates to the identification of a single nucleotide polymorphism 
in exon 2 of IGF2 (SNP-2) in cattle and to methods of selectmg and managing cattle 
production based on the presence or absence of the polymorphism. The 
polymorphism comprises a C to T transition at position ISO of SEQ ID NO: 1. 

5 

By identifying animals with a particular genotype, with respect to the SNP alleles 
described herein, it is possible to identify animals that will display the phenotypes of a 
desirable birth weight and superior carcass quality as compared to animals lacking the 
desired genotype. 

10 

In particular, the present invention relates to methods for establishing the genetically 
determined predispositions of individual catde within a group of such animals, to 
meet particular desired characteristics with respect to growth, based on the association 
of the specific IGF2 gene SNPs with observable effects on growth phenotype in 
1 5 animals. 

It is therefore an object of the present invention to provide a method of predicting calf 
birth weight from its sire's SNP-2 genotype. 

20 It is a further object of the invention to predict the quality of a beef carcass, 
specifically an increase in REA size, through knowledge of ttie individual animal's 
SNP-2 genotype. 
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It is a further object of the present invention to use the IGF2 exon 2 SNP (SNP-2) as a 
predictor of IGF2 expression patterns which are known to result in an increased REA, 
fat content and marbling, and to use the knowledge of IGF2 expression and genomic 
imprinting in breeding and herd management applications. 

5 The observation that SNP-2 is correlated with reduced birtti weight and increased 
REA size has implications for both breeding and management practices throughout 
the various segments of the beef chain or cattie industry. Depending on which part of 
the chain tiie producer/company is involved, different management or breeding 
strategies will be most advantageous in view of an animal's SNP-2 genotype. 

10 

The presence of a C residue at position ISO is termed herein as a C allele while the 
presence of a T residue at position ISO is termed herein as a T allele. Animals can be 
homozygous with respect to tiie C allele (C/C cattie) or die T allele (T/T cattie) or 
heterozygous (C/T cattie). 

15 

Selective mate choices, based on SNP-2 can be used to influence calf birtii weight 
Since the presence of ttie SNP-2 variant in the fatiier is phenotypically expressed in 
the offspring as a decrease in birth weight, producers will be able to make 
breeding/culling decisions based on tiie genotype of tiie sire to select for lower birth 
20 weight in calves. The ability to select for C/C homozygous sires will ensure lower 
birth weight, which in turn reduces the risk of dystocia. This type of selection is not 
currentiy possible, as a dam that gives birth to a lower birth weight calf may not 
produce ofifspring with the same low birth weight trait, due to the fact that the 
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offspring express this trait based on their paternal inheritance. Therefore, using the 
method of the invention, a breeder will be able to select herd sires for low birth 
weight in the knowledge that all his offspring will have lower birth weight regardless 
of the dam*s genotype. 

The SNP-2 linotype also affects REA size, such that animals with a C residue at the 
SNP-2 site in both IGF2 alleles (C/C offspring) will display the greatest increase in 
REA size. This invention therefore further allows producers to make breeding/cuUing 
decisions based on the knowledge of SNP-2 genotype in the sire and dam in order to 
obtain CYC offspring, thus maximizing the potential for high value cuts of meat based 
on predicted REA size. 

The present invention is also an improvement on the current method of sorting cattle 
according to parental phenotypes. As shown in the experimental data that follows, 
1 5 REA size is shown to be predicted by SNP-2 genotype. By enabling a producer to 
intelligently modulate nutrition provided to animals during phase 1 and 2 of their 
growth, based on iheir genetic potential, the economic return on tiie genetic potential 
will be maximized. 

20 Animals possessing various IGF2 SNP genotypes are expected to have different 
protein and energy requirements. Specifically, animals expressing the C/C genotype, 
which is associated witti inoieased REA size, can be expected to have higher protein 
requirements. Present feeding practices, where animals are not distinguished on the 
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invention described herein, may unknowingly under-supply protein to C/C animals 
and over-supply protein to T/T animals. Using the method of the present invention 
therefore, producers will be able to maximize the genetic potential of individual 
animals. 

The present invention will also be useful in the management strategies employed in 
the cattle industry. In the first two phases of the animal*s life, which include skeletal 
and muscular development up to physiological maturity, the nutritional requirements, 
i.e. protem requirements needed to meet ^netic potential for protein accretion, are 
traditionally based on a group basis, and not on knowledge of individual growth or 
protein production potratial. Thus variation in animal potential is muted by 
population avmging. 

Current methods of sorting use anecdotal frame measurements, classifymg animals as 
1 5 small, medium, or large-framed. Once classed in this way, the genetic potential for all 
the animals in a pen or group are treated as the same. The present invention shows 
this method of sorting is less precise dian sorting by genotype. Using Che method of 
the present invention, sorting animals by their SNP-2 genotype will allow the 
producer to group catde within a certain skeletal and muscular range by knowledge of 
20 their genotype. This then further allows environmental and nutritional parameters to 
be tailored to take frill advantage of each individual animal's genetic potential for 
muscular and REA size development which will ultimately increase production 
efficiencies. 
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Finally, the method of the present invention will allow those in the slaughter industry 
to better satisfy their requirements for end beef products, and to more accurately price 
the animals they purchase for processuig. At present REA size is a predictor of high 
5 end cuts on the carcass. The greater the REA size, the more valuable the animal. 
Through application of the method of the present invention, slaughterhouses will 
know what "value** to expect of a carcass upon processing, based on the knowledge of 
its SNP-2 genotype. The processing industry will therefore be able to bid for anunals 
more accurately than is currently possible using prior art methods of sorting based on 
1 0 firame size, as they will have knowledge of whether a carcass has a greater or lesser 
potential to yield higher value cuts of meat. 

DESCRIPTION OF THE DRAWINGS; 

15 

While the invention is clamied in the preceding portions hereof, preferred 
embodiments are provided in the accompanying detailed description which may be 
best understood in conjunction with the accompanying diagrams, where like parts in 
each diagram are labeled with like numbers and where: 

20 

Fig. 1: A comparison of the genomic organization of the pig, sheep, human, rat, 
mouse, and cow IGF2 genes (Adapted from Ohlsen et al. 1994, Amarger et al. 2002). 
The numbered boxes represent the IGF2 exons. Open and solid boxes indicate 
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untranslated and translated exons respectively. PI and P2 are the two pseudo-exons 
identified in the mouse IGF2 gene (Rotwein and Hall 1990). Promoters are indicated 
byPl-P4. 

5 Fig. 2: Photograph of an ethidium bromide stamed agarose gel (3%) of an embryo 
transfer family from a heterozygous (C/T) Charolais sire and homozygous (C/C) 
Limousin dam. Four calves are heterozygous for the T allele and the other four calves 
are homozygous for the C allele. The C allele is 185 bp and the T allele is 118 and 68 
bp. The 32 bp product is not shown. 

10 

Fig. 3: Photograph of ethidium bromide stained gels from quantitative PGR 
experiments. The maternal allele is expressed at lower levels ttiat the paternal allele 
in a young calf (Calf 1). By 40 days of age, there is a complete loss of imprinting in 
the matemal allele. 

15 

DETAILED DESCRIPTION OF THE INVENTION ! 
Dcfinitions t 

20 



Li the description that follows, a number of terms used in recombinant DNA 
technology are extensively utilized. In order to provide a clear and consistent 
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understanding of the specification and claims, including the scope to be given such 
tenns, the following definitions are provided: 

By '^amplifying a segment" as used herein, is meant the production of sufficient 
5 multiple copies of the DNA segment to permit relatively facile manipulation of the 
segment. Manipulation refers to both physical and chemical manipulation, that is, the 
ability to move bulk quantities of the segment around and to conduct chemical 
reactions with the segment that result in detectable products. 

10 A ''segmenf ' of a polynucleotide refers to an oligonucleotide that is a partial sequence 
of entire nucleotide sequence of the polynucleotide. 

A '^modified segment^* refers to a segment in which one or more natural nucleotides 
have been replaced with one or more modified nucleotides. A ''modified, labeled 
1 5 segment** refers to a modified segment that also contains a nucleotide, which is 

different from the modified nucleotide or nucleotides therein, and which is detectably 
labeled. 

An "amplification primer** is an oligonucleotide that is capable of annealing adjacent 
20 to a target sequence and serving as an initiation point for DNA synthesis when placed 
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under conditions in which synthesis of a primer extension product which is 
complementary to a nucleic acid strand is initiated. 



By "analysis** is meant either detection of variations in the nucleotide sequence 
5 among two or more related polynucleotides or, in the alternative, determining the full 
nucleotide sequence of a polynucleotide. By "analyzing** the hybridized fragments 
for an incorporated detectable label identifying the suspected polymorphism is meant 
that, at some stage of the sequence of events that leads to hybridized fragments, a 
label is incorporated. The label may be incorporated at virtually any stage of the 

1 0 sequence of events including the amplification, cleava^ or hybridization procedures. 
The label may further be introduced into the sequence of events after cleavage and 
before or after hybridization. The label so incorporated is then observed visually or 
by instrumental means. The presence of the label identifies the polymorphism due to 
the fact ttiat the fragments obtained during cleavage are specific to the modified 

1 5 nucleotide(s) used in the amplification and at least one of the modified nucleotide is 
selected so as to replace a nucleotide involved in the polymorphism. 



The term "animal" is used herein to include all vertebrate animals, including humans. 
It also includes an individual.animal in all stages of development, including 
20 embryonic and fetal stages. As used herein, the term "production animals*' is used 
interchangeably with "livestock animals** and refers generally to animals raised 
primarily for food. For example, such animals include, but are not limited to, cattie 
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(bovine), sheep (ovine), pigs (porcine or swine), poultry (avian), and the like. As 
used herein, the term "cow** or ''cattle** is used generally to refer to an anunal of 
bovine origin of any age* Interchangeable terms include "bovine**, "calf*, "steer**, 
"bull**, "heifer** and the like. As used herein, die term "pigf** or is used generally to 
5 refer to an animal of porcine origin of any age. Interchangeable terms include 
"piglet**, "sow** and the like. 



The term "antiisense** is intended to refer to polynucleotide molecules complementary 
to a portion of an RNA marker of a gene, as defined herein. "Complementary** 

1 0 polynucleotides are those diat are capMc of base pairing according to the standard 
Watson-Crick complementarity rules, where purines base pair widi pyrimidines to 
form combinations of guanine paired with cytosine (G:C) and adenine paired with 
eith^ thymine (A:T) in the case of DNA, or adenine paired with uracil (A:U) in the 
case of RNA. Inclusion of less conmion bases like inosine, S-methylcytosine, 6- 

1 5 methyladenine, hypoxanthine and others in hybridizing sequences does not interfere 
with pairing. 



By the term "complementarity** or "complementary** is meant, for the purposes of the 
specification or claims, a sufficient number in the oligonucleotide of complementary 
20 base pairs in its sequence to interact specifically (hybridize) with the target nucleic 
acid sequence of the gene polymoiphism to be amplified or detected. As known to 
those skilled in the art, a very hig^ degree of complementarity is needed for 
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specificity and sensitivity involving hybridization, altfiough it need not be 100%. 
Thus, for example, an oligonucleotide that is identical in nucleotide sequence to an 
oligonucleotide disclosed herein, except for one base change or substitution, may 
function equivalentiy to the disclosed oligonucleotides. A '^complementary DNA" or 
5 ''cDNA*' gene includes recombinant genes synthesized by reverse transcription of 
messenger RNA ("mRNA"). 

By the term "composition" is meant, for die purposes of the specification or claims, a 
combination of elements which may include one or more of the following: tiie 
1 0 reaction buffer for the respective method of enzymatic amplification, plus one or 
more oligonucleotides specific for IGF2 ^ne polymorphisms, wherein said 
oligonucleotide is labeled with a detectable moiety. 

A "cyclic polymerase-mediated reaction'' refers to a biochemical reaction in which a 
1 5 template molecule or a population of template molecules is periodically and 

repeatedly copied to create a complementary template molecule or complementary 
template molecules, thereby increasing the number of the template molecules over 
time. The products of such a reaction are commonly referred to as amplification 
products. 

20 

*T)enaturation" of a template molecule refers to tiie unfolding or other alteration of 
the structure of a template so as to make the template accessible for duplication or 
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hybridization. In the case of DNA, '*denaturation** refers to the separation of the two 
complementary strands of the double helix, thereby creating two complementary, 
single stranded template molecules. '*Denaturation** can be accomplished in any of a 
variety of ways well known to those skilled in the art, including heat or by treatment 
5 of the DNA with a base or other chemical denaturant. 

A "detectable amount of product*' refers to an amount of amplified nucleic acid that 
can be detected using standard laboratory tools* A "detectable marker'' refers to a 
nucleotide analog that allows detection using visual or other means. For example, 
1 0 fluoiescendy labeled nucleotides can be incorporated into a nucleic acid during one or 
more steps of a cyclic polymerase-mediated reaction, thereby aUowmg tfie detection 
of the product of the reaction using, e.g. fluorescence microscopy or other 
fluorescence-detection instrumentation. 

15 By the term "detectable moiety" is meant, for the purposes of the specification or 

claims, a label molecule (isotopic or non-isotopic) which is incorporated indirectly or 
directiy into an oligonucleotide, wherein the label molecule facilitates the detection of 
the oligonucleotide in which it is incorporated when the oligonucleotide is hybridized 
to amplified gene polymorphism sequences. Thus, "detectable moiety" is used 

20 synonymously witii "label molecule". Synthesis of oligonucleotides can be 

accomplished by any one of several methods known to those skilled in die art Label 
molecules, known to those skilled in the art as being useful for detection, include 
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chemiluminescent or fluorescent molecules. Various fluorescent molecules are 
known in the art that are suitable for use to label a nucleic acid substrate for the 
method of the present invention. The protocol for such incorporation may vary 
depending upon the fluorescent molecule used. Such protocols are known in die art 
5 for the respective fluorescent molecule. 

By ''detectably labeled" is meant that a fragment or an oligonucleotide contains a 
nucleotide that is radioactive, that is substituted with a fluorophore or some other 
molecular species that elicits a physical or chemical response can be observed by the 

1 0 naked eye or by means of mstrumentation such as, without limitation, scintillation 

counters, colorimeters, UV spectrophotometers and the like. As used herein, a **laber' 
or "tag** refers to a molecule that, when appended by, for example, without limitation, 
covalent bonding or hybridization, to another molecule, for example, also without 
limitation, a polynucleotide or polynucleotide fragment provides or enhances a means 

15 of detecting the other molecule. A fluorescence or fluorescent label or tag endts 

detectable light at a particular wavelengdi when excited at a different wavelengtii. A 
radiolabel or radioactive tag emits radioactive particles detectable with an instrument 
such as, without limitation, a scmtillation counter. Other signal generation detection 
metiiods include: chemiluminescence, electrochemiluminescence, ramanspectroscopy, 

20 colorimetric, hybridization protection assay, and Mass spectrometry. 
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*'DNA amplification** as used herein refers to any process that increases the number of 
copies of a specific DNA sequence by enzymatically amplifying the nucleic acid 
sequence. A variety of processes are known. One of the most commonly used is the 
polymerase chain reaction (PGR) process of Mullis as described in U.S. Pat Nos. 
5 4,683, 195 and 4,683,202, PGR involves the use of a thermostable DNA polymerase, 
known sequences as primers, and heating cycles, which separate the replicating 
deoxyribonucleic acid (DNA), strands and exponentially amplify a gene of interest 
Any type of PGR, such as quantitative PGR, RT-PGR, hot start PGR, LA-PGR, 
multiplex PGR, touchdown PGR, e/c, may be used. Preferably, real-time PGR is 
1 0 used. In ^neral, the PGR amplification process involves an enzymatic chain reaction 
for preparing exponential quantities of a specific nucleic acid sequence. It requires a 
small amount of a sequence to initiate the chain reaction and oligonucleotide primers 
that will hybridize to flie sequence. In PGR the primers are annealed to denatured 
nucleic acid followed by extension witti an inducing agent (enzyme) and nucleotides. 
1 5 This results in newly synthesized extension products. Since these newly synthesized 
products become templates for the primers, repeated cycles of denaturing, primer 
annealing, and extension results in exponential accumulation of the specific sequence 
being amplified. The extension product of tiie chain reaction will be a discrete 
nucleic acid duplex witii a termini corresponding to the ends of the specific primers 
20 employed. 

**DNA" refers to the polymeric form of deoxyribonucleotides (adenine, guanine, 
tiiymine, or cytosine) in its eitiier single stranded form, or a double-stranded helix. 
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This tenn refers only to the primary and secondary structure of die molecule, and does 
not limit it to any particular tertiary forms. Thus» this term includes double-stranded 
DNA found in linear and circular DNA molecules including, but not limited to, 
restriction fragments, viruses, plasmids, cosmids, and artificial and naturally 
5 occurring chromosomes. In discussing the structure of particular double-stranded 
DNA molecules, sequences may be described herein according to the normal 
convention of giving only the sequence in die S' to 3* direction along the non- 
transcribed strand of DNA the strand having a sequence homologous to the 
mRNA). 

10 

By the terms "enzymatically amplify" or "amplify" is meant, for the purposes of the 
specification or claims, DNA amplification by any process by which nucleic acid 
sequences are amplified in number. There are several means for enzymatically 
amplifying nucleic acid sequences known in the art. Currentiy the most commonly 

1 5 used method is the polymerase chain reaction (PGR). Other amplification methods 

include LCR (ligase chain reaction) which utilizes DNA ligase, and a probe consisting 
of two halves of a DNA segment that is complementary to the sequence of tibie DNA 
to be amplified, enzyme QB replicase and a ribonucleic acid (RNA) sequence 
template attached to a probe complementary to the DNA to be copied which is used to 

20 make a DNA template for exponential production of complementary RNA; strand 

displacement amplification (SDA); Qfi replicase amplification (QBRA); self-sustained 
replication (3SR); and NASBA (nucleic acid sequence-based amplification), which 
can be performed on RNA or DNA as the nucleic acid sequence to be amplified. The 
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particular methodology used to amplify DNA sequences is not intended to be limiting, 
and all such it is intended that the scope of the invention will include all methods of 
DNA amplification known in the art. 

5 The ''extension of the primers** refers to the addition of nucleotides to a primer 
molecule so as to synthesize a nucleic acid complementary to a template molecule. 
''Extension of the primers'* does not necessarily imply that the primer molecule is 
extended to synthesize a complete complementary template molecule. Even if only a 
fraction of the template molecule has been copied the primer is still considered 
1 0 extended. 

A "fragment" of a molecule such as a protein or nucleic acid is meant to refer to any 
portion of the amino acid or nucleotide genetic sequence. 

15 By "heterozygous'* or "heterozygous polymorphism'* is meant that the two alleles of a 
diploid cell or organism at a given locus are different, that is, that they have a 
different nucleotide exchanged for the same nucleotide at the same place in their 
sequences. 
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By "homozygous** is meant that the two alleles of a diploid cell or organism at a given 
locus are identical, that is, that they have the same nucleotide for nucleotide exchange 
at the same place in their sequences. 

By "hybridization** or "hybridizing,** as used herein, is meant the formation of A-T 
and C-G base pairs between the nucleotide sequence of a fragment of a segment of a 
polynucleotide and a complementary nucleotide sequence of an oligonucleotide* By 
complementary is meant that at tfie locus of each A, C, O or T (or U in the case of an 
RNA molecule) in the fragment sequence, the oligonucleotide sequenced has a T, G, 
C or A, respectively. The hybridized fragmenl/oligonucleotide is called a "duplex.** 
In the case of a DNA-RNA hybrid, the molecular is called a "heteroduplex.** 

A "hybridization complex**, means a complex of nucleic acid molecules including at 
least the target nucleic acid and sensor probe. It may also include an anchor probe. 

By "immobilized on a solid support" is meant that a fragment, primer or 
oligonucleotide is attached to a substance at a particular location in such a manner that 
the system containing the inunobilized fragment, primer or oligonucleotide may be 
subjected to washing or other physical or chemical manipulation without being 
20 dislodged from that location. A number of solid supports and means of immobilizing 
nucleotide-containing molecules to them are known in the art; any of these supports 
and means may be used in the methods of ttiis invention. 



5 



10 
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As used herein, the tenn "nucleic acid molecule" is intended to include DNA 
molecules (e.g., cDNA or genomic DNA), RNA molecules (e.g., mRNA), analogs of 
the DNA or RNA generated using nucleotide analogs, and derivatives, fragments and 
5 homologs thereof. The nucleic acid molecule can be single-stranded or double- 
stranded, but preferably is double-stranded DNA. An "isolated'* nucleic acid 
molecule is one that is separated from other nucleic acid molecules that are present in 
the natural source of the nucleic acid. A "nucleoside" refers to a base linked to a 
sugar. The base may be adenine (A), guanine (O) (or its substitute, inosine (I)), 
1 0 cytosine (C), or thymine (T) (or its substitute, uracil (U)). The sugar may be ribose 
(the sugar of a natural nucleotide in RNA) or 2-deoxyribose (the sugar of a natural 
nucleotide m DNA). A **nucleotide" refers to a nucleoside linked to a single 
phosphate group. 



15 As used herein, the term "oligonucleotide" refers to a series of linked nucleotide 

residues, which oligonucleotide has a sufficient number of nucleotide bases to be used 
in a PCR reaction. A short oligonucleotide sequence may be based on, or designed 
from, a genomic or cDNA sequence and is used to amplify, confirm, or reveal the 
presence of an identical, similar or complementary DNA or RNA in a particular cell 

20 or tissue. Oligonucleotides may be chemically synthesized and may be used as 
primers or probes. Oligonucleotide means any nucleotide of more than 3 bases in 
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length used to facilitate detection or identification of a target nucleic acid, including 
probes and primers. 



"Polymerase chain reaction** or 'TCR*' refers to a thermocyclic, polymerase- 
5 mediated, DNA amplification reaction. A PGR typically includes template molecules, 
oligonucleotide primers complementary to each strand of the template molecules, a 
thermostable DNA polymerase, and deoxyribonucleotides, and involves three distinct 
processes that are multiply repeated to effect the amplification of the original nucleic 
acid. The three processes (denaturation, hybridization, and primer extension) are 

1 0 often performed at distinct temperatures, and in distinct temporal steps. In many 
embodiments, however, the hybridization and primer extension processes can be 
performed concurrentiy. The nucleotide sample to be analyzed may be PGR 
amplification products provided using the rapid cycling techniques described in U.S. 
Pat No. 5,455,175. Other methods of amplification include, without limitation, 

1 5 NASBR, SDA, 3SR, TSA and rolling circle replication. It is understood that, in any 
method for producing a polynucleotide containing given modified nucleotides, one or 
several polymerases or amplification methods may be used. The selection of optimal 
polymerization conditions depends on the application. 

20 A ''polymerase" is an enzyme that catalyzes the sequential addition of monomeric 
units to a polymeric chain, or links two or more monomeric units to initiate a 
polymeric chain. In preferred embodiments of this invention, the ''polymerase" will 
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work by adding monomeric units whose identity is detennined by and which is 
complementary to a template molecule of a specific sequence. For example, DNA 
polymerases such as DNA Pol I and Taq polymerase add deoxyribonucleotides to the 
3* end of a polynucleotide chain in a template-dependent manner, thereby 
5 synthesizing a nucleic acid that is complementary to the template molecule. 

Polymerases may be used either to extend a primer once or repetitively or to amplify a 
polynucleotide by repetitive priming of two complementary strands using two 
pnmers* 

A "polynucleotide"* refers to a linear chain of nucleotides connected by a 
phosphodiester linkage between the 3*-hydroxyl group of one nucleoside and the S'- 
hydroxyl group of a second nucleoside, which in turn is linked through its 3' -hydroxy 1 
group to tiie S*-hydroxyl group of a third nucleoside and so on to form a polymer 
comprised of nucleosides liked by a phosphodiester backbone. A '^modified 
polynucleotide*' refers to a polynucleotide in which one or more natural nucleotides 
have been partially or substantially completely replaced with modified nucleotides. 

A "primef* is a short oligonucleotide, the sequence of which is complementary to a 
segment of the template which is bemg replicated, and which the polymerase uses as 
20 the starting point for the replication process. By "complementary" is meant tiiat the 
nucleotide sequence of a primer is such that the primer can form a stable hydrogen 
bond complex with the template; Le.^ the primer can hybridize to the template by 



10 
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virtue of the formation of base-pairs over a length of at least ten consecutive base 
pairs. 



The primers herein are selected to be "substantially** complementary to different 
5 strands of a particular tar^t DNA sequence. This means that die primers must be 
sufficiendy complementary to hybridize with their respective strands. Therefore, the 
primer sequence need not reflect the exact sequence of the template. For example, a 
non-complementary nucleotide fragment may be attached to the S* end of the primer, 
with the remainder of the primer sequence being complementary to the strand. 
1 0 Alternatively, non-complementary bases or longer sequences can be interspersed into 
the primer, provided that the primer sequence has sufficient complementarity with the 
sequence of the strand to hybridize therewith and thereby form the template for the 
synthesis of the extension product 



15 A "restriction enzyme** refers to an endonuclease (an enzyme that cleaves 

phosphodiester bonds within a polynucleotide chain) that cleaves DNA in response to 
a recognition site on the DNA. The recognition site (restriction site) consists of a 
specific sequence of nucleotides typically about 4-8 nucleotides long. 



20 



A "single nucleotide polymorphism" or "SNF* refers to polynucleotide that differs 
from anotiier polynucleotide by a single nucleotide exchange. For example, without 
limitation, exchanging one A for one C, G or T in the entire sequence of 
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polynucleotide constitutes a SNP. Of course, it is possible to have more than one 
SNP in a particular polynucleotide. For example, at one locus in a polynucleotide, a C 
may be exchanged for a T, at another locus a O may be exchanged for an A and so on. 
When referring to SNPs, the polynucleotide is most often DNA and the SNP is one 
5 that usually results in a change in the genotype that is associated with a corresponding 
change in phenotype of the organism in which the SNP occurs. 



As used herein, a ''template** refers to a target polynucleotide strand, for example, 
without limitation, an unmodified naturally-occurring DNA strand, which a 

1 0 polymerase uses as a means of recognizing which nucleotide it should next 

incorporate into a growing strand to polymerize the complement of the naturally- 
occurring strand. Such DNA strand may be single-stranded or it may be part of a 
double-stranded DNA template. In applications of the present invention requiring 
repeated cycles of polymerization, the polymerase chain reaction (PCR), the 

1 5 template strand itself may become modified by incorporation of modified nucleotides, 
yet still serve as a template for a polymerase to synthesize additional polynucleotides. 

A "tfaermocyclic reaction** is a multi-step reaction wherein at least two steps are 
accomplished by changing the temperature of the reaction. 

20 



A "ttiermostable polymerase*' refers to a DNA or RNA polymerase enzyme that can 
withstand extremely hi^ temperatures, such as those approaching 100°C. 
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Thermostable polymerases are typically isolated from organisms that live in extreme 
temperatures, such as Thennus aquaticus. Examples of thermostable polymerases 
include Taq, Tth, Pfii, Vent, deep vent, UlTma, and variations and derivatives thereof. 

5 A ^'variant* ' is a difference in the nucleotide sequence among related polynucleotides. 
The difference may be the deletion of one or more nucleotides from the sequence of 
one polynucleotide compared to the sequence of a related polynucleotide, the addition 
of one or more nucleotides or the substitution of one nucleotide for another. The 
terms **mutation," "polymorphism" and "variant" are used interchangeably herein to 
1 0 describe such variants. As used herein, the term "variant" in the singular is to be 
construed to include multiple variances; Le.^ two or more nucleotide additions, 
deletions and/or substitutions in the same polynucleotide. A "point mutation" refers 
to a single substitution of one nucleotide for anotii^. 

The present invention also makes use of a number of oligonucleotide sequences as 
1 5 described herein as primers for use in DNA amplification reaction or as hytmdization 
probes. It is well known to those skilled in the art that such oligonucleotides may be 
modijBed in terms of lengtii and even specificity, and ihey will still be well suited to 
the practice of the invention. As such, the invention is not linuted to the precise 
oligonucleotides described but is intended to include all those oligonucleotides that 
20 will allow the method of the invention to be carried out as disclosed herein. 

Experimental Examples ; 
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Materials and Methods ; 
Anbnais 

5 

Several sire-dam-calf Holstein families were used to study genomic imprinting.— The 
17 full-sib families of (he Canadian Beef Reference Herd were used to study the 
effects of IGF2 mutations on genomic imprinting. 

10 PCJR 

Primers for exon 2 were designed based Bos taurus sequence from a cross-bred steer 
and obtained in our laboratory (GenBank #AY237S43). 

1 5 SNPs 

Polymerase chain reaction conditions: PGR reactions of IS ^1 contained 1 ^1 of DNA 
template (50-100 ng), 1.5 [il of lOX PGR buffer (fovitrogen), 0.45 jil of 50 mM 
MgCl2, 0.3 \il of 10 mM dNTPs, 0.1 [il Taq polymerase (5 U jil ^ Invitrogen), 1 ixl of 
20 each primer (10 pM \xX^) and 9.6 |il of ddH20). The reaction began with a 4 min step 
at 94'C. followed by 34 cycles of 50 seconds at 94"C, 50 seconds at 64'C, and 50 
seconds at 72''C. Digestion of 8 ^1 of each PGR product was performed with 1 |il of 
Bsrl (5 U jil-1) for 3 hours at 65^C. 
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Primer sequences: 

Forward: 5* - CCTCAGCCTCATCCCCTCCTTTGC - 3' (SEQ ID NO 2) 
Reverse: 5* - CTGTGCTCTATTTGCTGTGTTGTCT - 3' (SEQ ID NO 3) 

5 



Results and Discussion : 
10 Seauencinn 

Genomic sequence was obtained using the Canadian Beef Reference Herd of 17 full- 
sub catfle families, from 5 sires of the CBRH families and two Holstein calves, as 
well as the original crossbred steer. A portion of the sequence of the IGF2 gene is 
15 shown as SEQ ID NO: 1. Two, single nucleotide polymorphisms (SNPs) were 
discovered in the IGF2 gene. One SNP was located in the 3' end of intron 8, and a 
second in the middle portion of exon 2 (SNP-2). 

A 217 bp PGR fragment of die IGF2 gene (SEQ ID NO: 1) was found to contam an 
20 internal Bsrl restriction site at position 32. The presence of SNP-2 (a C - T 
transition) at nucleotide ISO resulted in the creation of an additional Bsrl restriction 
site* Thus, after digestion with Bsrl DNA derived from the C allele yielded Bsrl 



wo 2009/007881 



PCT/CA2004/001039 



-33- 

ftagments of 32 and 185 bp, while DNA derived from the T allele yielded Bsrl 
fragments of 32, 67 and 1 18 bp fragments. Alleles were resolved on a 3% agarose gel 
(Figs. 2). 

5 Genomic Imprinting 

SNP-2 was used to determine if IGF2 was paternally expressed in catde. To test for 
genomic imprinting, tissues were collected from several Holstein calves heterozygous 
for SNP-2. The calves ranged from 1 to S60 days of age. The mother and father of 

10 the calf were also genotyped to assign a parent of origin to each allele in an 
informative family. Messenger RNA was extracted and analyzed for parental allele 
expression. At 1 day of age calves expressed only the paternal allele. By 11 days of 
age expression IGF2 mRNA from the matemal allele was detectable, but was at levels 
less than those observed for the paternal allele. However, by 4 weeks of age, all 

1 5 calves expressed mRNA fi?om both maternal and paternal alleles equally O^ig. 3). 

A loss of imprinting of IGF2 has been found in humans and sheep as the animal ages. 
In sheep, by 6 monttis of age the liver had lost its imprint and IGF2 was expressed 
similarly from both the matemal and paternal alleles. In contrast, expression in the 
20 kidney still displayed the effects of imprinting (McLaren and Montgomery 1999). 
Such a loss of imprinting has not been demonstrated in rodents, probably due to the 
lack of a functional equivalent to the human PI promoter (Ohlsen et al. 1994). 
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^ects 

Since in most of the tissues examined exon 2 is not transcribed, SNP-2 would not be 
expected to have any direct effect on either the structure or levels of the IGF2 protein. 
5 However, in liver, exon 2 is transcribed. Thus, mutations in exon 2 could affect IGF2 
gene expression, either through changes in stability or translation^ efficiency of the 
IGF2 mRNA, even though the exon 2 sequences does not encode part of the final 
IGF2 protein. SNP-2 might also causes changes in transcriptional efficiency. 

1 0 Preliminary analysis examining the effects of SNP-2 suggested a correlation with 
increased rib eye area (REA) size. REA size was corrected for sex of offspring; 108 
of the offspring were either CIC or CTT. In animal 19 - 20 months old, heterozygous 
C/T offspring had a significantly smaller REA size than homozygous CVC offspring (t 
= 3.62S, P = 0.0004). The mean REA m C/C animals was 109.8 cm^ (n = 93) as 

1 5 compared to 100.4 cm^ (n = 29) in the C/T animals. In the 125 catde studied, REA 
size was significantly correlated with the number of C alleles present in the 
population (r = 0.39, P =0.0001). 

The analysis of a second data set provided further support for a correlation between 
20 SNP-2 and increased REA. In the second study of 167 bulls, REA was positively 
correlated with the number of C alleles m the population (r = O.ISS, P = 0.04S9). 
Cattie with a CIC genotype had a significantly larger REA than tiie CTT or T/T 
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genotype cattle (t=2.057, P s 0.0413). Although REA size was also correlated with 
carcass weight (r = 0.382» P = 0.0001), there was no significant correlation between 
SNP-2 and sex-corrected carcass weight (r = 0.096, P = 0.28SS). This suggests that 
IGF2 affects the muscle growth but not overall growth (total animal carcass weigjit). 

5 

When the effect of SNP-2 on REA size and fat was examined, it was also discovered 
that tfie C allele is associated with increased REA size and decreased fat while the T 
allele is associated with decreased REA size and increased fat. The net effect is that 
there not effect on the overall carcass weight. Consistent with this interpretation, 

1 0 further studies revealed that SNP-2 had a significant effect on sex corrected fat (t = - 
1.881, P = 0.0624) and sex corrected marbling (t = -1.874, P = 0.0633) in the CVC 
catde. The C/C animals had a mean fat of 9.07 and a mean marbling of 4S7.7 (n = 93) 
while the C/T animals had a mean fat of 10.68 and a mean marbling of 48S.0 (n - 29). 
These results indicate that /GF2affects fat and may also function as a partitioning 

1 5 a^nt These results further demonstrate that SNP-2 affects muscle size but not 
overall weight The effect on REA is significantly correlated with the number of C 
alleles suggesting a co-dominant inheritance pattern. 

REA size was correlated to raw birth weight (r = 0.188, P = 0.0001). Preliminary 
20 analysis examining the effects of the SNP-2 suggested a correlation with birth weight 
depending on the allele inherited from the sire. Birdi weight was corrected for sex of 
offspring: 108 animals had a patemal C allele and 14 had a T allele. Offspring having 
a patemal C allele had a significantly lower birth weight than offspring who had 
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inherited a paternal T allele (t = 2*516, P = 0.0132). The mean sex corrected birth 
weight for paternal C allele offspring was 112.9 lbs (n - 108) compared to 1233 lbs 
(n = 14) in the paternal T offspring. No such effect was observed when the maternal 
allele was considered (t = 0.992, P = 0.3234). 

5 

The result of die present studies is that IGF2 SNP-2 can be used to predict REA size 
in cattle offspring based on the knowledge of the animal's genotype. The invention 
thus provides a more accurate mefliod of predicting REA size, and is an improvement 
on the prior method of phenotypic sorting of animals based on frame size, which we 
1 0 know is not well correlated with REA size. 

In addition, the SNP-2 genotype of the sire can be used to predict birth weight of 
calves. Since the matemal IGF2 allele is not expressed during gestation, it does not 
influence birth weight of the calf. Therefore CYC sires that will pass on an IGF2 C 

1 5 allele to their offspring and thus will produce only "low birth weight" calves can be 
selected and marketed based on this finding. In contrast, where a producer desires 
higher birth weight calves, breeding T/T sires will produce calves of this phenotype. 
Where a mixed herd is desired, breeding of C/T/ sires will results in offspring of a 
high vs. low bulfa weight in an approximately equal numbers as a result of normal 

20 Mendelian segregation of alleles. 

The foregoing is considered as illustrative only of the principles of the invention. 
Further, since numerous changes and modifications will readily occur to those skilled 
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in the art, it is not desired to limit the invention to the exact construction and 
operation shown and described. Accordingly, all such suitable changes or 
modifications in structure or operation that may be resorted to are intended to fall 
within ttie scope of the claimed invention. 



